
113

3
.7

C
a

n
cer a

n
d

 Leu
k

em
ia

Not only radiation but also various chemical substances and ultraviolet rays, etc. damage 

DNA. However, cells have a mechanism to repair damaged DNA and DNA damage is mostly 

repaired. Even if repair was not successful, the human body has a function to eliminate 

cells wherein DNA damage has not been completely repaired (p.88 of Vol. 1, “Damage and 

Repair of DNA”).

Nevertheless, cells with incompletely repaired DNA survive as mutated cells in very rare 

cells may develop into cancer cells. However, this process requires a long period of time. 

Among atomic bomb survivors, leukemia increased in around two years, but the incidence 

decreased thereafter. On the other hand, cases of solid cancer started to increase after an 

incubation period of around 10 years.

(Related to p.90 of Vol. 1, “Lapse of Time after Exposure and Effects”)

Included in this reference material on March 31, 2013

Updated on March 31, 2019
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doses, targeting atomic bomb survivors. The horizontal axis indicates the absorbed doses 

vertical axis indicates excess relative risks, which show how cancer risks have increased 

exposed group).

As a result of these epidemiological studies, it was found that the mammary gland, skin, 

and colon, etc. are tissues and organs that are easily affected by radiation and develop 

taking into account the radiosensitivity of each organ and tissue and the lethality of each 

type of cancer.

(Related to p.99 of Vol. 1, “Relative Risks and Attributable Risks”)

Included in this reference material on March 31, 2013

Updated on March 31, 2019
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In the case of adults, bone marrow, colon, mammary gland, lungs and stomach easily 

develop cancer due to radiation exposure, while it has become clear that risks of developing 

thyroid cancer and skin cancer are also high in the case of children.

standard when considering radiological protection measures in an emergency. Additionally, 

intake (Bq) than those for adults.

(Related to p.120 of Vol. 1, “Relationship between Ages at the Time of Radiation Exposure 

and Oncogenic Risks”)

Included in this reference material on March 31, 2013
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radiation exposure at one time, while occupational exposures and exposures caused 

exposures.

Therefore, animal testing using mice has been conducted to ascertain differences in 

over time. Although test results vary by type of cancer, it has become clear that radiation 

chronic exposures or repeated exposures based on risks of acute exposures. Researchers 

caused by exposure at one time, if the total exposure dose is the same.

Included in this reference material on March 31, 2013

Updated on March 31, 2019
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Health effects surveys targeting atomic bomb survivors have revealed that cancer risks 

increase as exposure doses increase. The latest epidemiological survey on solid cancer 

risks shows proportionate relationships between doses and risks, i.e., between exposure 

doses exceeding 100 mSv and the risk of developing solid cancer1 and between exposure 

doses exceeding 200 mSv and the risk of death from solid cancer.2

However, there is no consensus among researchers concerning a relationship between 

cancer risks and exposure doses below 100 to 200 mSv. It is expected that studies will be 

further continued into the future to clarify whether a proportionate relationship can be found 

between cancer risks and all levels of exposure doses, whether there is any substantial 

threshold value, or whether any other correlations are found.

“Disputes over the LNT Model”)

Included in this reference material on March 31, 2013

Updated on February 28, 2018
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and the higher an exposure dose is, the more sharply risks increase, showing a concave 

marrow absorbed doses and the black line shows excess relative risks based on a linear 

quadratic model.

(Related to p.99 of Vol. 1, “Relative Risks and Attributable Risks”)

Included in this reference material on March 31, 2013

Updated on February 28, 2018
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Relative risks of developing leukemia (values indicating how many times larger the risks are 

1) among atomic bomb survivors do not increase notably among those whose bone marrow 

are around 0.4 Sv.

(Related to p.99 of Vol. 1, “Relative Risks and Attributable Risks”)

Included in this reference material on March 31, 2013

Updated on March 31, 2021



120

3
.7

C
a

n
cer a

n
d

 Leu
k

em
ia

This table shows lifetime risks of death from cancer due to radiation exposure based on 

comparisons are made between lifetime risks of deaths from cancer and leukemia per 

exposure, i.e., background death risks due to naturally developing cancer and leukemia.

The table shows the tendency that in the case of acute exposure to 100 mSv, lifetime 

risks of death from cancer are higher for those who are younger at the time of the exposure.

The reasons therefor include the facts that younger people have a larger number of stem 

cells that may develop into cancer cells in the future and cell divisions are more active and 

frequent compared with aged people.

Included in this reference material on March 31, 2013

Updated on February 28, 2018
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cancer risks have increased among a group of people exposed to radiation compared with 

targeting atomic bomb survivors.

It can be observed that types of cancer with higher risks differ by age at the time of 

radiation exposure.

(Related to p.99 of Vol. 1, “Relative Risks and Attributable Risks”)

Included in this reference material on March 31, 2013

Updated on March 31, 2019
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risks have increased among a group of people exposed to radiation compared with a group 

atomic bomb survivors.

For example, the excess relative risk of developing solid cancer as a whole for the age 

excess relative risk of developing solid cancer as a whole for people aged 20 or older is 

type of cancer.

(Related to p.99 of Vol. 1, “Relative Risks and Attributable Risks”)

Included in this reference material on March 31, 2013

Updated on March 31, 2019
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Odds ratios (statistical scales for comparing the probability of a certain incident between two 

groups) regarding incidence of thyroid cancer among atomic bomb survivors show that risks 

of thyroid cancer increase as doses increase.

A survey only targeting micro papillary thyroid cancer shows that the odds ratio remains 

was found.*1*2 (When the odds ratio is larger than 1, the relevant incident is more highly 

*2:  Y. Hayashi, et.al., “Papillary Microcarcinoma of the Thyroid Among Atomic Bomb 

Included in this reference material on March 31, 2013

Updated on March 31, 2019
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The figure on the right compares the data on atomic bomb survivors and risks for 

in relative risks for cancer (values indicating how many times cancer risks increase among 

are smaller in the case of chronic exposure than in the case of acute exposure, although 

(Related to p.99 of Vol. 1, “Relative Risks and Attributable Risks”)

Included in this reference material on March 31, 2013

Updated on February 28, 2018
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After the Chernobyl NPS Accident, an epidemiological study on effects of radiation on health 

was conducted with regard to various diseases. However, no causal relationship with the 

The table shows the results of the examinations analyzing cancer cases found in 1993 

and 1994 among residents of regions contaminated due to the Chernobyl NPS Accident 

2 or larger. The UNSCEAR 2000 Report states that no increase was found in risks 

contaminated regions.

Thereafter, there were research reports stating that an increase in relative risks of 

Despite these reports, the UNSCEAR 2008 Report evaluates them to be far from conclusive 

With regard to the general public, the report concludes that no persuasive evidence has 

been found to suggest any measurable increases in risks of leukemia among people who 

were exposed to radiation in utero or during childhood.

Included in this reference material on March 31, 2019
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of radioactive materials were released compared with those released by the accident at 

of the former Soviet Union did not publicize the accident nor did it take any evacuation 

measures for residents around the nuclear facilities. In late April, when the accident 

occurred, pasturing had already started in the southern part of the former Soviet Union and 

cow milk was also contaminated with radionuclides.

which were conducted for residents in the Bryansk State from 1998 to 2008, it was found 

residents in especially highly contaminated districts came to be included in the measurement 

due to the Chernobyl NPS Accident has been continuing over years.

Included in this reference material on March 31, 2013

Updated on March 31, 2019
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surrounding the windpipe. The thyroid actively takes in iodine in the blood to produce thyroid 

hormones therefrom. Produced thyroid hormones are secreted into the blood and are 

transported to the whole body to act in various manners.

Thyroid hormones play roles of promoting metabolism to facilitate protein synthesis in 

the body and maintenance of energy metabolism and also roles of promoting growth and 
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Iodine, which is a raw material of thyroid hormones, is contained in large quantities in 

The “Dietary Reference Intakes for Japanese” released by the Ministry of Health, Labour 

(estimated to be approx. 1 to 3 mg/d).

When a person habitually consumes iodine, the thyroid constantly retains a sufficient 

iodine newly ingested is only partially taken into the thyroid and most of it is excreted in the 

urine.

Accordingly, even in the case where radioactive iodine is released due to such reasons 

as an accident at a nuclear power plant, accumulation of the released radioactive iodine in 

the thyroid can be subdued among a group of people who take in iodine on a daily basis.

In preparation for any emergency exposure such as due to a nuclear accident, efforts are 

administration, in advance or in an emergency.

Updated on March 31, 2021
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Thyroid cancer has some unique characteristics compared with other types of cancer.

and the incidence rate of stomach cancer is higher among both males and females over 

groups from teenagers to people in their 80s.

Furthermore, thyroid cancer has long been known as a type of cancer, some of which 

lifetime. The crude cancer mortality rate (national mortality rate by age group (against 

100,000 people), all age groups, 2010) is lower for thyroid cancer than other cancers and 

better prognosis after surgery is also one of the characteristics of thyroid cancer.

Updated on February 28, 2018
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throughout their lifetime and are not clinically detected but are later found through 

histopathology diagnosis (including postmortem autopsy). Such cancer is called occult 

(latent) cancer.

Thyroid cancer is mostly a differentiated cancer in which cancer cells are mature and 

grow slowly. No symptoms appear over a lifetime in some cases. Such differentiated thyroid 

cancer is sometimes found as an occult (latent) cancer only through an autopsy conducted 

Based on an analysis using the cancer registry, probabilities that a Japanese person will 
*1 

For example, there was a report that as a result of postmortem autopsies for 102 cases 

*2 These results also show that in many cases, thyroid cancer is 

an occult (latent) cancer without symptoms over a lifetime.

Included in this reference material on March 31, 2020
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In recent years, sharp increases in the incidence rate of thyroid cancer have been reported, 

which is said to be due to increases in the frequencies of medical surveys and use of 

healthcare services as well as the introduction of new diagnostic technologies, resulting in 

detection of many cases of micro thyroid cancer (micro papillary carcinoma).

As the mortality rate has remained almost unchanged despite sharp increases in the 

papillary carcinoma that have no symptoms) is pointed out.*1

Increases in the incidence rate of thyroid cancer are global trends observed in such 

to have prompted a larger number of people to receive screening, leading to significant 

increases in the incidence rate of thyroid cancer.

*1:  International Agency for Research on Cancer “Overdiagnosis is a major driver of the 

Updated on March 31, 2019
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population during a certain period of time) and mortality rates concerning thyroid cancer in 

Japan.

The incidence rates of thyroid cancer have been on a rise both for males and females in 

Japan. The increasing trend is more notable among females and the incidence rate, which 

mortality rate from thyroid cancer has not shown any significant changes and has been 

slightly decreasing both for males and females. The total incidence rate of thyroid cancer 

Thyroid Cancer: Overseas”).

In Japan, palpation by doctors has long been conducted broadly as thyroid screening, 

but ultrasound neck examination is increasingly being adopted in complete medical 

diagnostic equipment, diagnostic capacity has been improving and the detection rate of 

tumoral lesions, in particular, is said to be increasing.*1

Updated on March 31, 2020
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organization of the World Health Organization (WHO), established an international Expert 

policy making personnel and medical personnel of individual countries.

published in September 2018 compiles the latest knowledge on epidemiology and clinical 

term strategies for thyroid health monitoring in the event of a nuclear accident, based on the 

thyroid monitoring program here refers to one that is distinct from population screening and 
is defined as “including education to improve health literacy, registration of participants, 
centralized data collection from thyroid examinations, and clinical management.” Targeted 
persons may choose how and whether to undergo thyroid examinations in an effort to 
benefit from early detection and treatment of less advanced disease. The Report also 
adds as follows: “Some individuals with lower risks may worry about thyroid cancer and 
may receive thyroid ultrasound examinations for peace of mind. If such individuals with 
lower risks seek to have an examination after receiving detailed explanations on potential 
advantages and disadvantages of thyroid ultrasound examinations, they should be provided 
with opportunities for thyroid ultrasound examinations under the framework of the developed 
thyroid monitoring programs.” 

Incidentally, this report does not remark on or evaluate thyroid ultrasound examinations 
conducted so far after nuclear accidents in the past.

Included in this reference material on March 31, 2020
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The probability that a Japanese person will develop thyroid cancer during their lifetime is 

cancer at least once during the lifetime, obtained based on the thyroid cancer incidence rate 

Exposure to 1,000 mSv in the thyroid increases the probability of developing thyroid 

prove risk increases due to the radiation exposure, as effects of other factors are larger.

Included in this reference material on March 31, 2013

Updated on March 31, 2019
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The results of the study on the relationship between internal doses and risks of thyroid 

above.

children less than 18 years old, and for younger children less than 4 years old, the risk 

increase would be sharper (indicated with 

(Related to p.99 of Vol. 1, “Relative Risks and Attributable Risks”)

Included in this reference material on March 31, 2013

Updated on March 31, 2019
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As shown in the table, there has been a report that the relative risk of thyroid cancer 

per gray increases in areas where iodine concentration in soil is low and iodine intake is 

insufficient. Areas around Chernobyl, where the relevant data was obtained, are located 

inland away from the sea and iodine concentration in soil is low, and people there do not 

Compared to areas around Chernobyl, iodine concentration in soil is higher in Japan as 

a whole and iodine intake is also higher than in other countries. Accordingly, such data as 

obtained in areas around Chernobyl is not necessarily applicable in Japan.

(Related to p.99 of Vol. 1, “Relative Risks and Attributable Risks,” and p.128 of Vol. 1, 

“Iodine”)

Included in this reference material on March 31, 2013

Updated on March 31, 2019
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Thyroid exposure doses are high for people who were forced to evacuate after the 

far larger than the average thyroid exposure dose for people who resided outside evacuation 

The average thyroid exposure dose for children is estimated to be even higher. One of 

the accident.

The effective dose from internal exposure in organs other than the thyroid and from 

external exposure was approx. 31 mSv on average. The average effective dose was approx. 

that the average effective dose is larger in Belarus than in Ukraine and Russia as in the 

case of the average thyroid exposure dose.

Included in this reference material on March 31, 2013

Updated on March 31, 2019
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At the time of the Chernobyl NPS Accident, a large amount of radioactive materials was 
released and broadly spread out due to the explosion. The major cause of the adverse 
effects of health is said to be radioactive iodine.

Some of the children who inhaled radioactive iodine that fell onto the ground or 
consumed the vegetables, milk, and meat contaminated through the food chain later 
developed childhood thyroid cancer. In particular, the major contributing factor is considered 

In Belarus and Ukraine, childhood thyroid cancer cases started to appear four or five 
years after the accident. The incidence rate of thyroid cancer among children aged 14 or 

The incidence of childhood thyroid cancer for Belarus and Ukraine is the number per 
100,000 children nationwide, while that for Russia is the number per 100,000 children only 

*1. In addition, concerning the thyroid cancer cases 
observed with children and adolescents after the Chernobyl NPS Accident, the UNSCEAR 
calculated the attributable fraction (p.99 of Vol. 1, “Relative Risks and Attributable Risks)” 
based on the latest information provided by the three most affected countries (Russia, 
Ukraine, and Belarus) and estimated that among the thyroid cancer cases that appeared in 
the population of children or adolescents who were living in the most contaminated areas 
at the time of the accident, the thyroid cancer cases attributable to radiation exposure 

*2.

*1:  UNSCEAR 2000 Report, Annex 
https://www.unscear.org/unscear/en/publications/2000_2.html

*2:  UNSCEAR “Chernobyl 2018 White Paper” 

Included in this reference material on March 31, 2013
Updated on March 31, 2021



139

3
.7

C
a

n
cer a

n
d

 Leu
k

em
ia

estimation is possible using the results of the thyroid screening conducted for children as of 

approx. two weeks after the accident.

be especially high.

As a result, thyroid doses exceeding the screening level set by the Nuclear Safety 

Commission of Japan (at that time) were not detected and measured thyroid doses were all 

for children in Belarus, where increased incidences of childhood thyroid cancer were later 

larger values than the results of the screening in Fukushima Prefecture.

(Related to p.140 of Vol. 1, “Comparison between the Chernobyl NPS Accident and the 

Included in this reference material on March 31, 2013
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This figure shows the incidence rates of childhood thyroid cancer by age at the time of 
radiation exposure (aged 18 or younger), in comparison with those after the Chernobyl 
NPS Accident and those in three years after the accident at Tokyo Electric Power Company 

i.e., what percentage the incidence for each age accounts for against the total number 

a uniform manner as in Fukushima and such information as the number of examinees and 
observation period is not clearly indicated.

Time of Radiation Exposure”). In Chernobyl, it is observed that people exposed to radiation 
at younger ages have been more likely to develop thyroid cancer. On the other hand, in 
Fukushima, incidence rates of thyroid cancer among young children have not increased 
three years after the accident and incidence rates have only increased in tandem with 

ordinary thyroid cancer (p.129 of Vol. 1, “Characteristics of Thyroid Cancer”).
The document by Williams suggests that thyroid cancer detected three years after 

the accident at Fukushima Daiichi NPS is not attributable to the effects of the radiation 
exposure due to the accident in light of the facts that daily iodine intake from foods is larger 
in Japan than in areas around Chernobyl and that the maximum estimated thyroid exposure 

Chernobyl).
(Related to p.139 of Vol. 1, “Comparison between the Chernobyl NPS Accident and the 
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The Expert Meeting on Health Management After the Fukushima Daiichi Nuclear Accident 

examines various measures concerning dose evaluation, health management and medical 

services from an expert perspective.

It publicized the Interim Report in December 2014 and concluded that regarding the 

thyroid cancer cases found through the Preliminary Baseline Survey of Thyroid Ultrasound 

Examination conducted as part of the Fukushima Health Management Survey, “no grounds 

positively suggesting that those cases are attributable to the nuclear accident are found at 

this moment.”

The Expert Meeting points out the necessity to continue the Thyroid Ultrasound 

Examination as follows.

•  The trend of the incidence of thyroid cancer, which is especially a matter of concern 

among the residents, needs to be carefully monitored under the recognition that radiation 

estimated exposure doses.

(Related to p.143 of Vol. 2, “Thyroid Ultrasound Examination: Remarks on the Results of the 

Preliminary Baseline Survey”)

Included in this reference material on February 28, 2018

Updated on March 31, 2019
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